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A METHOD AND CIRCUIT FOR REDUCING HCI STRESS 
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Stress", the complete subject matter of which is incorporated herein by reference in 
its entirety. 
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IO Scheme Using Low Voltage Devices" are each incorporated herein by reference 
in their entirety. 

FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[03] [Not Applicable] 

SEQUENCE LISTING 

[04] [Not Applicable] 

MICROFICHE/COPYRIGHT REFERENCE 



[05] [Not Applicable] 



BACKGROUND OF THE INVENTION 



[06] The present invention relates to a circuit and method for reducing stress on 
an output device. More specifically, the present invention relates to an HCI stress 
circuit and method using low voltage devices adapted to limit voltage across an 
output device, thereby reducing HCI stress. 

[07] In modern CMOS ASIC designs, the core circuitry generally operates at a 
lower voltage than the 10 circuits. This provides a core circuitry design that operates 
at higher speeds with lower power consumption. However, since the maximum 
operating voltage of such current CMOS ASIC core circuitry designs is also lower, 
these devices may not be used directly with currently known 10 circuits without 
special design considerations. In particular, stress on the 10 circuits must be taken 
into consideration when designing CMOS ASIC circuits. 

[08] Further limitations and disadvantages of conventional and traditional 
approaches will become apparent to one of skill in the art, through comparison of 
such systems with the present invention as set forth in the remainder of the present 
application with reference to the drawings. 
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BRIEF SUMMARY OF THE INVENTION 



[09] Features of the present invention may be found in a design method and 
circuit enabling 10 devices in a CMOS ASIC design to utilize more efficient 
transistors while not subjecting such devices to stress. 

[10] More specifically, one embodiment of the present invention relates to a circuit 
coupled to an output device, where the circuit comprises at least one transistor 
device adapted to limit a duration of a high voltage across the output device, thereby 
reducing hot carrier injection stress. In one embodiment, the circuit comprises a p- 
channel transistor or device coupled to the output device, while in another 
embodiment the circuit comprises two stacked transistor devices (stacked p-channel 
transistors or devices for example) coupled to the output device (an n-channel 
output transistor or device for example). 

[11] In another embodiment, the present invention relates to an integrated circuit 
comprising an output circuit and a stress circuit coupled to at least the output circuit. 
The stress circuit is adapted to limit a duration of a high voltage across the output 
circuit, thereby reducing hot carrier injection stress. In one embodiment, the stress 
circuit comprises stacked transistor devices. 

[12] In another embodiment, the present invention relates to an integrated circuit 
comprising an IO PAD, an output circuit coupled to at least the IO PAD and a stress 
circuit. The stress circuit is coupled to at least the output circuit and is adapted to 
limit a duration of a high voltage across the output circuit when the output circuit is 
enabled, and the PAD voltage is greater than VDDO thereby reducing stress on the 
output circuit. In one embodiment, the stress circuit comprises at least one 
transistor device (a p-channel transistor or device or two stacked p-channel 
transistors or devices, for example) and the output circuit comprises a transistor 
device (an n-channel transistor or device or two stacked n-channel transistors or 
devices). 
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[13] Yet another embodiment of the present invention relates to a method of 
controlling hot carrier injection stress. In this embodiment, the method comprises 
limiting a duration of a high voltage across an output device when said output device 
is enabled. 

[14] Yet still another embodiment relates to a method of reducing stress across an 
output circuit. In this embodiment, the method comprises determining if the output 
circuit is tri-stated and determining if a PAD voltage is greater than a predetermined 
voltage level. The method further comprises enabling the output circuit, turning on a 
stress circuit that dissipates voltage across the output circuit while the output circuit 
transitions to a low state, thereby preventing the output circuit form experiencing HCI 
stress. 

[15] Still another embodiment relates to a method of reducing hot carrier injection 
stress in an integrated circuit. This method comprises enabling an output device in 
the integrated circuit; and limiting a duration of a high voltage across an output 
device coupled to at least the IO PAD. 

[16] These and other advantages and novel features of the present invention, as 
well as details of an illustrated embodiment thereof, will be more fully understood 
from the following description and drawings. 
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BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[17] Fig. 1 illustrates one example of a circuit diagram of a portion of an integrated 
circuit having an output circuit coupled to an IO PAD; 

[18] Fig. 2 illustrates a block diagram of one embodiment of an integrated circuit in 
accordance with the present invention; 

[19] Fig. 3 illustrates a block diagram of another embodiment of an integrated 
circuit similar to that illustrated in Fig. 2 in accordance with the present invention; 

[20] Fig. 4 illustrates a circuit diagram of an HCI stress circuit in accordance with 
the present invention; and 

[21] Fig. 5 illustrates a high level flow chart of one method of limiting a high 
voltage across an output circuit, thereby reducing or eliminating stress in accordance 
with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



[22] The following description is made with reference to the appended figures. 

[23] Fig. 1 illustrates one example of integrated circuit, generally designated 10, 
comprising three transistor devices, one PMOS device 12 and two NMOS devices 
14 and 16. In this example, devices 14 and 16 form an output device or circuit, 
generally designated 18. IO PAD 20 is shown coupled to at least device 12 and 
output device 18. It is contemplated that the IO PAD 20 is coupled to, and driven by, 
external circuitry via a bus (not shown) when integrated circuit 10 is tri-stated or 
turned off. Two pre-driver devices 22 and 24 are illustrated, coupled to PMOS 
device 12 and NMOS device 16 respectively. It is contemplated that, in this 
embodiment, device 12 is a floating well transistor device. 

[24] Tri-stating the circuit 10 means that the output device 18 and the device 12 
are tri-stated (i.e., turned off). When output device 18 and device 12 are tri-stated or 
turned off, the bus takes over, driving the IO PAD 20 and output device 18 to the 
high voltage (5.5V for example). In the illustrated example, when the circuit 10 is 
enabled, devices 14 and 16 turn on, pulling IO PAD 20 from the high voltage to 
ground, placing a great amount of stress more specifically hot carrier injection 
(alternatively referred to as "HCI") stress on devices 14 and 16. It is desirable to 
limit the amount of time the high voltage appears across the output device 18. 

[25] Fig. 2 illustrates a block diagram of one embodiment of an integrated circuit, 
generally designated 30, in accordance with the present invention. In the illustrated 
embodiment, the integrated circuit 30 comprises at least core circuitry 32 and output 
device 36 which is adapted to be coupled to, and driven by, external circuitry via a 
bus (not shown). 

[26] In CMOS design, the core circuitry 32 generally operates at a lower voltage 
than the PAD voltage. For example, a high voltage (about 5.5V) may be applied to 
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the output device 36, but a lower voltage (about 2.5V for example) is applied across 
the junctions in the core circuitry 32. 

[27] In this embodiment, a HCI stress circuit, generally designated 34, is illustrated 
coupled to both the core circuitry 32 and the output device 36. The stress circuit 34 
is adapted to limit the amount of time the high voltage appears across the output 
device 36, thereby reducing or eliminating HCI stress. 

[28] Fig. 3 illustrates a block diagram of another embodiment of an integrated 
circuit, generally designated 130, in accordance with the present invention. In the 
illustrated embodiment, the integrated circuit 130 comprises at least core circuitry 
132, output circuit or device 136 and IO PAD 138 which is adapted to be coupled to, 
and driven by, external circuitry via a bus (not shown). 

[29] Again, the core circuitry 132 generally operates at a lower voltage than the 
PAD voltage. In this embodiment, an HCI stress circuit, generally designated 134, is 
illustrated coupled to the core circuitry 132, the output device or circuit 136 and the 
IO PAD 138. The stress circuit 134 is adapted to limit the amount of time the high 
voltage appears across the output device 136 when the output device 136 is 
enabled, thereby reducing or eliminating HCI stress. 

[30] One embodiment of an integrated circuit, generally designated 200, is 
illustrated in Fig. 4. In accordance with the present invention, this embodiment 
comprises at least a voltage detect circuit, generally designated 202, adapted to 
detect when a voltage is sufficient to switch bias conditions without violating the 
maximum transistor operating conditions for the process; a comparator or 
comparator circuit, generally designated 230, adapted to determine when the PAD 
voltage is greater than the IO power supply voltage; a tri-state circuit 212 adapted to 
ensure one or more device(s) coupled to at least the IO PAD 256 will not turn on, 
and circuits 215 and 217 will not be overstressed when the PAD voltage exceeds the 
IO power supply voltage; output device or circuit 215; and an HCI stress device or 
circuit 217, adapted to limit the amount of time a high voltage appears across the 
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output device 215 when 10 PAD 256 transitions from a tri-state voltage to V PA d = 
GND. 

[31] In accordance with one embodiment, an overstress circuit, generally 
designated 203, prevents overstress of the circuit 200 when the floating well 
(alternatively referred to as "fw") is greater than VDDO, by turning off and allowing a 
source of at least one device to pull up to VDDO - V t . In this embodiment, the 
overstress circuit 203 comprises at least one, but generally three, transistor devices, 
such as three NMOS or n-channel transistor devices 236, 238 and 240 for example. 

[32] In the illustrated embodiment, the voltage detect circuit 202 is adapted to 
detect when a voltage is sufficient to switch the bias conditions without violating 
maximum transistor operating conditions for the process. In the circuit 200 
illustrated in Fig. 4, the voltage detect circuit comprises a voltage detect device 246 
having an input coupled to device 248 and node inp, a node out output coupled to 
node p3h, and PMOS devices 242 and 252, and a node outb coupled to NMOS 
device 240 and PMOS device 244. In this embodiment, it is contemplated that the 
voltage detect device 246 is adapted to determine whether the PAD voltage is high 
or low (i.e., the in signal and out signal of the detect device 246 are the same and 
the outb signal is the opposite of the out signal). 

[33] The integrated circuit 200 also comprises the comparator circuit 230 adapted 
to determine when the PAD voltage is greater than the IO power supply voltage. In 
this embodiment, the comparator 230 comprises at least one, but generally two or 
more devices, such as two PMOS or p-channel transistor devices 232 and 234 for 
example. 

[34] This embodiment further comprises tri-state circuit 212 adapted to guarantee 
that a device, such as a PMOS or p-channel transistor device 222 for example, will 
not turn on when the PAD voltage exceeds the IO power supply voltage. In this 
embodiment, the tri-state circuit 212 comprises at least one, but generally three, 
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devices, such as a PMOS or p-channel transistor device 214 and two NMOS or n- 
channel transistor devices 216 and 218. 

[35] In the embodiment illustrated in Fig. 4 an output device or circuit 215 is 
illustrated coupled to or communicating with at least pre-driver logic device 210 and 
IO PAD 256. In the illustrated embodiment, the output device 215 comprises at least 
one but generally two devices. Here, the output device 215 comprises two stacked 
n-channel or NMOS devices 224 and 226, although other devices are contemplated. 

[36] Fig. 4 further illustrates an HCI stress device or circuit 217, adapted to limit 
the high voltage across output device or circuit 215 when the IO PAD 256 is 
transitioning from a tri-state voltage, Vpad > VDDO, to an enabled state of V PA d = 
GND, reducing stress thereon. In this embodiment, the stress device or circuit 217 
comprises at least one but generally two devices. Here, the stress device 217 
comprises two stacked p-channel or PMOS devices 220 and 222, although other 
devices are contemplated. 

[37] One embodiment of the present invention comprises at least one, but 
generally two or more power supplies. In the illustrated embodiment, three power 
supplies are contemplated; the core power supply or VDDC, the intermediate power 
supply, or VDDP, and the IO power supply or VDDO. VDDP is set to the maximum 
IO device voltage (i.e., less than VDDO for example). It is contemplated that setting 
VDDP to the maximum IO device voltage limits the maximum voltage across any 
device, maintaining gate oxide reliability and avoiding hot carrier injection or HCI 
stress. In this illustrated embodiment, it is contemplated that the PAD voltage will 
not exceed a pre-determined amount (two times for example) the maximum device 
voltage and VDDO-VDDC will not exceed the maximum device voltage. 

[38] The circuit 200 further comprises a node sw23, coupled to at least one but 
generally two or more devices, PMOS or p-channel transistor 242 and 244 for 
example. Nodes p3h and p2h and devices 242 and 244 are adapted to pull node 
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sw23 to VDDO if the PAD voltage is high, and to VDDP if the PAD voltage is low. 10 
PAD 256 is illustrated coupled to at least sw23 and transistor device 250. 

[39] In accordance with one embodiment of the present invention where the 
PMOS driver is tri-stated, HCI stress may be significantly reduced when the output is 
enabled with the PAD at 5.5V. For example, if the PAD is at 5.5V and the output is 
enabled with the data low, a very large Vds voltage appears on devices 224 and 226 
resulting in HCI stress on devices 224 and 226 as they are on. In accordance with 
the present invention, node pt pulls low and device 222 is turned on when the output 
is enabled. Since the PAD voltage is greater than VDDO, device 220 is also on, 
dissipating some of the charge through devices 222 and 220, limiting the amount of 
time the high voltage appears across the output device. Since s23 is at VDDO, 
device 224 is not stressed even when the PAD is at 5.5V. 

[40] The circuit 200 further comprises a pre-driver logic device 210, which is 
adapted to generate one or more logic states that drive the stacked output devices. 
The pre-driver logic device 210 is coupled to nodes data 253 and output enable 
node (alternatively referred to as "oe") 254, and the stacked output devices. In this 
embodiment, nodes data 253 and oe 254 are coupled to the core circuitry (not 
shown). 

[41] Fig. 5 illustrates one method of reducing HCI stress by limiting the duration of 
the high voltage across an output device when the output device is enabled. Fig. 5 
illustrates one method of reducing HCI stress, generally designated 400, wherein the 
method determines if the output is tri-stated with PAD > VDDO as illustrated by 
diamond 410. 

[42] Block 412 illustrates when PAD > VDDO + V t , where V t is the threshold of the 
PMOS device. Block 414 illustrates when the output circuit is enabled and driving 
LOW. The HCI stress circuit turns on, dispersing or dissipating the charge across 
the output circuit so that the output circuit avoids HCI stress and pulls Pad 256 LOW 
as illustrated by blocks 416 and 418. 
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[43] It is contemplated that the HCI stress circuit, and a method of reducing HCI 
stress in accordance with the present invention provides/includes one or more of the 
following advantages and features: (1) enables lower power and high speed design 
of core/analog circuits; (2) simplifies fabrication process and cost; and (3) reduces 
HCI stress on the NMOS output driver. 

[44] Many modifications and variations of the present invention are possible in 
light of the above teachings. Thus, it is to be understood that, within the scope of 
the appended claims, the invention may be practiced otherwise than as described 
hereinabove. 
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